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POLYMER COMPOSITE SQUIRRELCAGE ROTOR WITH fflGH 
MAGNETIC PERMEABILITY FILLER FOR INDUCTION MOTOR AND 
METHOD OF MAKING IT 

BACKGROUND OF THE INVENTION 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application claims priority of Korean Patent Application 1999-49704, 
filed November 10, 1999 and Korean Patent Application 2000-04587, filed January 31, 2000. 

FIELD OF THE INVENTION 

The present invention relates generally to a squirrel cage rotor for induction motors, 
and more particularly to a squirrel cage rotor that has a polymer resin part containing powder 
of high magnetic permeability. 

In addition, the present invention relates to a method of fabricating the squirrel cage 
rotor using jig so as to prevent the conductor bars fi"om being buckled. 

— BESRff TION OF THE PRIOR ART 

In a rotating body such as a rotor of a motor, a centrifugal force is generated in 
proportion to the mass of the rotor and the square of the rotational speed of the rotor, so that 
the rotor with high rotating speed may have, excessive deformation due to a large stress by 
the centrifugal force. 

Thn qiinli'ty nf r mrhinerl prnf \iirt<i mainly Hpp^nr) nn th ^ pr^riyif^" r t frTnj^j^ina^nnl 

which is equipped with built-intj^ES-spiadle'SysfSn^ is composed of the rotor of motor 



spindle shaft, but the heavy mass of rotor can deterioratedynamicjtahility^oftEe^^ type 
spindle system because theJieai^uMassTTfTotormay cause excessive stress and deformation. 
JFfa^ e^e, it i s important to reduce the inertial force of the rotor by reducing mas s of rotor. 

The rotating speed of a built-in type spindle generally is restricted by a DN value 
(where D is a bearing nominal diameter in mm and N is the revolutions per minute of the 
spindle) and the critical v^hirling vibration frequency of the spindle. In particular, in the case 
of a built-in type spindle which is composed of the spindle shaft and the rotor of motor, the 
bending natural frequency is largely influenced by the mass of the rotor of a motor. 
Accordingly, as the mass of the rotor of a motor is increased, the bending natural frequency of 
a built-in type spindle is decreased, thus the heavy mass of rotor limits the maximum rotating 
speed of the built-in type spindle. 

Accordingly, for a built-in type spindle rotating at high speed, it is necessary to 
increase the specific bending stiflfiiess of the built-in type spindle shaft or decrease the mass 
of the rotor of a motor. 

A conventional squirrel cage rotor is illustrated, in Figs. 1 and 2. 

As depicted in Figs. 1 and 2, this conventional squirrel cage rotor includes a rotating 
shaft 11. A silicon steel rotor 12 is fitted around the rotating shaft 17. The silicon 
steel rotor 12 is fabricated by stacking a plurality of silicon steel sheets 14. Plurality of 
conductor bars 16 are respectively inserted into the holes 13 and then the two end rings 17 are 
fabricated by die-casting. Therefore, the conductor bars 16 are short-circuited by two end 
rings 17 that are positioned at both ends of the silicon steel rotor 12. 

Since this conventional squirrel cage rotor has heavy mass due to the high density of 
silicon steel not only a large centrifugal force is generated inside of rotor body, but also 
is high torque is required to drive the motor. 



In order to solve above problems, Korean Pat. Appln. No. 98-50187 discloses 
"Composite squirrel cage rotor with magnetic powders and method for fabricating it". 

With reference to Figs. 3a .and 4, the invention of this patent is described in detail. 

As shown in Figs. 3a and 4, a composite squirrel cage rotor 20 is composed of a 
composite pipe 22, a rotating shaft 21 and a squirrel cage conductor 23 which is positioned 
around the pipe 22 and provided with a plurality of slots 24. A plurality of heat pipes 25 may 
be inserted into the slots 24, respectively. 

In this case, the pipe 22 is, fabricated by stacking and curing of composite prepregs 
which is composed of polymer resin and high strength and modulus fibers. In this case, the 
pipe 22 is made of fiber reinforced composite material whose polymer resin contains powder 
of high magnetic permeability such as iron powder in order to improve the performance of the 
motor. 

As depicted ia Fig. 3 a, this squirrel cage conductor 23 is made of copper or aluminum 
having high electric conductivity. Plurality of slots 24 are machined along the axis of the 
squirrel cage conductor 23 by using an end mill or an electric discharge machine tool or a 
laser machine tool. Each of the slots 24 is formed to be straight along the axis or have a 
certain angle with the axis. The slots 24 are spaced apart fi-om one another by predetermined 
regular intervals. In this case, conductor bars and two end rings are integrated into a single 
squirrel cage conductor 23. 

However, this - squirr e l cage co ndu uloi 23 has a problem of high iiiachiiiing cos t,-. — ' 

zn order to solve this problem, another composite,squiirel'cage rotor 30 is proposed as 
shown in Figs. 5 and 6. This conposite'squirrel cage rotor 30 includes, two end rings 37. 
Plurality of hojfis^aferormed in each of the end rings 37 and the both ends of the same 
jjuffiDer of conductor bars 38 are inserted into hoes Of two end rings 37 by interference fit. 



--wi th :^p prnpriatp axial J oad: 

The conductor bars 38 are made of copper or alutninum because copper and 
aluminum, have high electric conductivity. But since copper or aluminum has low stif&iess, 
the conductor bars 38 which have small diameter relative to the axial length are easily 
buckled by an excessive axial load during the assembly of the squirrel cage conductor. 

After the polymer resin part is cured, the squirrel cage conductor combined with the 
polymer resin part is ground in order to expose the small portion of the conductor bars 38 on 
its outer surface. If the conductor bars 38 have been buckled, the exposed areas of the 
conductor bars 38 are not uniform along the axis of the squirrel cage rotor. This may to cause 
the performance deterioration of the composite squirrel cage rotor. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention has been considered the above problems occurring 
in the prior art, and an object of the present invention is to provide a squirrel cage rotor, 
which has a polymer resin part containing powder of high, magnetic permeability so that the 
rotor has low mass. 

Another object of the present invention is to provide a squirrel cage rotor having a 
polymer resin part containing powder of high magnetic permeability, which is provided with 
a plurality of heat pipes to dissipate heat generated by induction operation between the stator 
and the rotor of motor. 

A further object of the present invention is to provide a method for fabricating a 
squirrel cage conductor, which prevents conductor bars from being buckled. 

In order to accomplish the above objects, the; present invention provides a squirrel 
cage rotor, comprising: a rotating shaft; a polymer resin part containing powder of high 



magnetic permeability; and a squirrel cage conductor made of material having high electric 
conductivity and positioned around the outer portion of the polymer resin part; wherein the 
powder of high magnetic permeability has a role of increasing the flux density of rotor and is 
uniformly distributed in the polymer resin part. 
5 In accordance with a feature of the present invention, the slots of the squirrel cage 

conductor are provided with a plurality of heat pipes, respectively. 

In accordance with a feature of the present invention, the rotor further comprises an 
inner core of high magnetic permeability so as to guide the magnetic flux from the stator to 
the rotor of motor. 

0 In accordance with a feature of the present invention, chopped fibers are added to the 

p polymer resin part so as to improve mechanical properties such as thermal stability and 



m 

m 
m 



stififoess. 

In addition, the present invention provides a method for fabricating a squirrel cage 
rotor, the rotor having a rotating shaft, a plurality of conductor bars, two end rings and a 



CI 

'IL5 polymer resin part containing powder of high magnetic permeability, comprising the steps of 
surrounding each of the conductor bars by a pair of jig; inserting the ends of the conductor 
bars into the holes of the end rings; removing the jig from each conductor bar; curing the 
polymer resin part containing powder of high magnetic permeability after inserting the 
squirrel cage conductor composed of the conductor bars and the end rings into the mold; and 
2 0 grinding of the outer surface of the composite squirrel cage rotor to composed of the 
conductor bars, the end rings and the polymer, resin part. 

In accordance with a feature of the present invention, the jig is fabricated by axially 
dividing a cylinder into two equal parts, each of the conductor bars is surroimded by the jig, 
and the jig is shorter than each of the conductor bars in axial length. 

5 



In accordance with a feature of the present invention, the method further comprises 
the steps of fastening band clamp around the jigs surrounding the conductor bars, and 
removing the band clamp and the jigs from the conductor bars after the assembly of the 
conductor bars and the end rings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features, and other, advantages of the present invention 
will be more clearly understood from the following detailed description taken in conjunction 
with the accompanying drawings, in which: 

Fig. 1 is a perspective view of a conventional squirrel cage rotor; 
Fig. 2 is a front view of a silicon steel sheet of the squirrel cage rotor; 
- Fig .- 3a m a - p e rspective vi e w of another converitiohal composite squirrel- cage type - 
-rntnr; _. 

Fig. 3b is a perspective view showing the machining of a squirrel cage conductor of 
the composite squirrel cage rotor; 

Fig. 4 is a cross section taken along line A-A of Fig 3a; 

Fig. 5 is a perspective view showing the assembly of the conductor bars and end rings 
of a squirrel cage conductor;: 

Fig. 6 is a cross section showing the finished composite squirrel cage rotor of Fig. 5; 

Fig. 7 is a perspective view showing the squirrel cage rotor having an inner core and a 
polymer resin containing powder of high magnetic permeability; 

Fig. 8 a is a cross section taken along line B-B of Fig. 7; 

Fig. 9 is a schematic diagram explaining a method for fabricating the composite 
squirrel cage rotor; 




Fig. 10 is a diagram showing magnetic flux lines, which are generated while the rotor 
is placed in a stator; 

Fig. 1 1 is a perspective view showing the process of the assembly of conductor bars 
and end rings; and 

5 Fig. 12 is a perspective view showing the procedure of the assembly of jig and 

conductor bars. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Reference now should be made to the drawings, in which the same reference numerals 

1 0 are used throughout the different to drawings to designate the same or similar components. 

] = Hereafter, with reference to accompanying drawings, there is described a squirrel cage 

rotor having an inner core and a polymer resin part containing powder of high magnetic 
permeability in accordance with a preferred embodiment of the present invention. 
s__ In the drawings, Fig. 7 is a perspective view showing the composite squirrel cage rotor 

-1 5 having an inner core and a polymer resin part containing powder of high magnetic 
'Z'- permeability. Fig. 8 is a cross section taken along line B-B of Fig. 7. Fig. 9 is a schematic 

diagram explaining a method for fabricating the composite squirrel cage rotor. Fig. 10 is a 
diagram showing magnetic flux lines, which is generated while the rotor is placed in a stator. 
As depicted in Figs. 7 and 8, the composite squirrel cage rotor 130 of the present 

2 0 invention includes a rotating shaft 131. A polymer resin part 132 is filled around the rotating 

shaft 131 and is made of polymer resin containing powder of high magnetic permeability. A 
squirrel cage conductor 133 is positioned around the outer portion of the polymer resin part 
132 and is provided with a plurality of axial slots 134. Plurality of heat pipes 135 are inserted 
into the axial slots 1 34, respectively. 



-= fewtder of high -magHeficpermeaSililylremp loycd to enhance magnetic pre ge^ 

polymer resin part. This powder to should be uniformly distnbiited-in'tKe'p^^ resin part. 
Chopped fibers with thejeng^-of^ to 50 mm may be added to the polymer resin part so as 
tf o vc i i i e cliaiii calljroperties such as tfaem al - stability and stiffiiess of the r otnr s tm rtn r p , 
The squirrel cage conductor 133 is fabricated by fomniag-a-plurality of axial slots 13'4 
along the axis of a squirrel cage conductor by means of a machining with appropriate tools 
such as an end mill, an electric discharge machine tool or a laser machine tool. The axial 
slots 134 are spaced apart from one another by predetermined regular intervals in a 
circumferential direction. 

The squirrel cage conductor 133 may also be fabricated with plurality of conductor 
bars and two end rings having holes with the same number of conductor bars by inserting the 
conductor bars into the holes of the end rings. 

The slots 134 of the squirrel cage conductor 133 may also be made to have a 
predetermined angle with the axis. 

.As^He ntioiied ab o ve, the heal pip es-4-3^-are in se rt cd-intQ-dte-sk) ts 134 of the squirrel;?' 

cage conductor 133 so as to dissipate heat generated during the induction operatiojic^ this 
case, the heat pipes 135 are fixed in the slots 134 try polymer resin durmg^tlie curing of the 
polymer resin part 132. The heat pipe is a sort of cooling de\ipe^which heat is transmitted 
fi-om a heat source to a heat sink while circulating fijamonal fluid, such as ammonia, 
methanol, Freon or the like, repeats an isptttermal cycling process in vacuum sealed pipes. 
Heat is absorbed in the proces^tjfthe phase change of the functional fluid from a liquid phase 
to a gaseous phase wh€n the heat is apphed to the heat pipe, gaseous fijnctional fluid moves 
from a heaps^urce side of the heat pipe to the opposite side, and heat is dissipated in the 
prp€ess of the phase change of the operating fluid from a gaseous phase to a liquid phase, 



thereby removing heat. ^ 

In order to increase magnetic flux density of the^Cffl^Josite squirrel cage rotor, an 
inner core 136 made of material havjog^rigliirnagnetic permeability, such as steel, may be 
inserted betweer^he-fotating shaft 131 and the polymer resin part 132. In this case, the inner 

o t^e 136 has a. rol e of guiding magnetic flux from the stator to th e mrtor effectivel y: 

Hereinafter, there is described a method for fabricating the composite squirrel cage 
rotor in accordance with the present invention. 

As shown in Fig. 9, the inside surfaces of two steel blocks 191 are ground, and the 
blocks 141 are brought into contact with each other at their ground surfaces. A mold cavity 
142 having a diameter slightly larger than the outer diameter of the composite squirrel cage 
rotor is machined by means of drilling and boring processes. In order, to align exactly the 
positions of the two blocks 141, guide pin holes 143 are machined through the blocks 141 . 
The inner surface of mold cavity 142 is coated with a parting agent (not shown), such as 
Teflon, so as to easily remove the composite squirrel cage rotor from the mold cavity 1 42 
after curing process. 

In the slots 134 of the squirrel cage conductor 133, the heat pipes 135 are inserted 
respectively and this assembly is inserted into the mold cavity 142 of the blocks 141, and 
fastened by means of guide pins 145 and bolts 146. The rotating shaft 131 is positioned in 
the center of the squirrel cage conductor 133. And polymer resin containing powder of high 
magnetic permeability is injected into the mold cavity 142. 

As a result, the cavity between the squirrel cage conductor 133 and the inner core 136 
and the gaps between the slots 134 of the squirrel cage conductor 133 and the heat pipes 135 
are filled with the polymer resin part. Through this process, the rotating shaft 131, the 
squirrel cage conductor 133 and the heat pipes 135 are combined with one another. Finally, 

9 




when the blocks 141 are removed after curing of the polymer resin part, the composite 
squirrel cage rotor formed of polymer containing powder of high magnetic permeability is 
completed. 

Tn the method for fabricating the-composite-squirrel cage rotor , thejr jotat-jng-shaft-4-3;V 
and the inner core 136, need not to be assembled together with the squirrel cage cpHductor 
133. After disposition of the heat pipes 135 into the slots 134 and inserting^e squirrel cage 
conductor 133 into the mold cavity 142, polymer resin containinepdwder of high magnetic 
permeability is injected into themold cavity 142 and is curpdva an autoclave under 
predetermined curing conditions. Accordingly, the^olymer resin is cured at the cavity of the 
squirrel cage conductor 133 and the gaps,teCTween the slots 134 and the heat pipes 135. 

When the polymer resin pan is cured, the center portion of the filled squirrel cage 
conductor 133 is bored fhp^sembly of inner core 136 using a drill. The inner core 136 is 
inserted into the bop^ center portion in the center of the composite squirrel cage rotor. The 
rotating shaft; 131 is inserted into the inner core 136. Through these processes, the composite 
sqamr^ cage rotor having a polymer resin part containing powder of high magnetic 
- permeability i s-co mpleted . • 

When the composite squirrel cage rotor fabricated as described above is placed in the 
stator 140, a magnetic field is generated as shown in Fig. 10. 

In the drawings, Fig. 1 1 is a perspective view showing the assembly of conductor bars 
and end rings. Fig. 12 is a perspective view showing the procedure of the assembly of jig 
and conductor bars. 

As shown in Figs. 1 1 and 12, each of the conductor bar 236 is surrounded by a pair of 
jig 200. The conductor bars 236 are made of material having high electric conductivity such 
as copper or aluminum, whereas the jig 200 are made of material having high stiffiiess such 

10 




as steel. 

Each pair of the jig 200 can be fabricated by axially dividing a hollow cylinder 208 
into two equal parts. Each pair of jig 200 fabricated as described above surrounds each of the 
conductor bars 236. The inner diameter, which is defined by each pair of jig 200 while each 
5 of jig 200 is brought into contact with each other to form a; hollow cylinder, is smaller than 

the outer diameter of the conductor bars 236, so that a gap 201 is formed between each pair of 
jig 200 while each pair of jig 200 surrounds each conductor bar 236. 

Each pair of 200 is clamped together by a band camp 203 while enclosing each 
conductor bar 236. Both ends of each conductor bar 236 are tapered, and the tapered ends of 
J.0 each conductor bar 236 are respectively inserted into the holes formed in two end rings 237. 

\-'~ Both ends of the conductor bars 236 are inserted into the holes in the end rings 237 with 

!.! 

interference fit. At this time, since each conductor bar 236 is respectively surrounded by each 
pair of jig 200, the conductor bars 236 are not buckled. After the conductor bars 236 and the 

sj end rings 237 are completely assembled together, the band clamps 203 and the jig 200 are 

.1 5 removed. As a result, the fabrication of the squirrel cage conductor in which two end rings 

C' 237 are assembled by conductor bars 237 is completed. 

The obtained squirrel cage conductor is inserted into the mold cavity (not shown in 
Figs. 1 1 and 12). In this state, polymer resin (not shown in Figs. 1 1 and 12) containing 
powder of high magnetic permeability is injected into and cured between the cavity of the 

2 0 squirrel cage conductor and the mold cavity. 

After the polymer resin part containing powder of high magnetic permeability is 
cured, the blocks 141 are removed. The squirrel cage conductor combined with the polymer 
resin part is ground at its outer surface, so that the some portion of the conductor bars 236 are 
axially exposed on the outer surface of the composite squirrel cage rotor. Thus this composite 
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squirrel cage rotor is completed. 

As described above, the present invention provides a composite squirrel cage rotor, 
which has a polymer resin part containing powder of high magnetic permeability so that the 
rotor has low mass in comparison with conventional squirrel cage rotors. 

Addi tionally, th e pr e sent invention provides a comp os ite squ irr e l cage r e tgrj 

powder of high magneticpermeabihty-isrTffiifonnly distributed in the polymet resin part, so 

Additionally, the present invention provides a lightweight squirrel cage rotor, which 
does not require great driving torque arid which can improve the quality of products thanks to 
reduction of vibration, stress and inertial force. 

Additionally, the present invention provides a squirrel cage rotor, which is provided 
with heat pipes in order to effectively dissipate heat generated by induction operation 
therefore this composite squirrel cage rotor has good thermal stability. 

Additionally, the present invention provides a method for fabricating the squirrel cage 
conductor, which can prevent conductor bars from being buckled. 

Although the preferred embodiments of the present invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing from the scope and spirit of the 
invention as disclosed in the accompanying claims. 
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